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(54) Title: METHOD AND APPARATUS FOR PROGRAMMING AN IMPLANTABLE MEDICAL DEVICE 

^ (57) Abstract: A method and system for programming settings of a medical device suigically implanted within abody of a patient 
^ The system comprises a physician programmer, a patient programmer, an external neural stimulator, and a telemetry component 
^ bemg in communication with the implanted medical device, the external neural stimulator, and the physician programmer. The 
implantable medical device may be programmed using a two-phase process, a screening phase and an implant phase. During the 
^ screerang phase, the physician and patient programmers ma be used to roughly test die parameters of the stimulation to detennine 
^ tiiat the treatment therapy is eflBcadous. During the implant phase, the same physician and patient programmers may be used to fine 
^ tune die parameters of the stimulation. 
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METHOD AND APPARATUS FOR PROGRAMMING 
AN IMPLANTABLE MEDICAL DEVICE 

FIEU) OF TIDB INVENTION 

This invention relates to systems for physician/patient prograniming devices for 
implantable medical devices, and more particularly relates to a wireless prograimning 
system having uniform interfaces. 

BACKGROUND OF TEffi INVENTION 

The medical device industry produces a wide variety of electronic and mechanical 
devices for treating patient medical conditions. Depending upon flie medical condition, 
medical devices can be surgicaUy implanted or connected externally to the patient 
receiving treatment Physicians use medical devices alone or in combination with drug 
therapies to treat patient medical conditions. For some medical conditions, medical 
devices provide the best, and sometimes flie only, flier^y to restore an individual to a 
more healthful condition and a fuller life. 

Implantable medical devices are commonly used today to treat patients suffering 
from various ailments. Implantable medical devices can be used to treat any number of 
conditions such as pain, incontinence, movement disorders such as epilepsy and 
Parkinson's disease, and sleep apnea. Additional tiierapies appear promising to treat a 
variety of physiological, psychological, and emotional conditions. As the number of 
implantable medical device therapies has expanded, greater demands have been placed on 
flie implantable medical device. 

These devices may provide treatment flierapy by delivering electrical stimulation 
or drugs to various portions of flie body. In flie case of providing electrical stimulation, an 
implantable neurostimulator (INS) (also known as an Implantable Pulse Generator ((IPG)) 
is inq)lanted within flie body. The INS is coiqpled to one or more electrodes fliat provide 
dectrical oiergy to select portions of the body. In flie case of providing drugs, a pump is 
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implanted within the body. The pvanp is coupled to a catheter that delivers drugs to select 
portions of flie body. 

When these implantable devices are implanted within the body, they must first be 
programmed to provide the desired treatment flier^y . In present systems, the 
programming process usually involves two phases - a screening phase and an nnplant 
phase. 

In the screening phase, the implanted system is tested to determine the amount of 
stimulation or drug that is necessary, to adjust the treatment parameters, and determine 
whether the therapy is efficacious. As shown in Figure 1, a screener 1 10 is used by both 
the patient 1 15 and the physician. The screener 1 10 is generally hardwired to flie 
implanted device such as a stimulation lead and has a plurality of controls 120 for 
adjusting the settings of flie implanted device. 

In the unplant phase, die mq)lanted device 210 is fully hnplanted wiSim flie body 
of the patient 1 15. As shown in Figure 2, a physician progrannner 230, typically a 
conq)uter with associated electromcs, is used to program and subsequently adjust flie 
settings of the implanted device. The physician programer 230 is coupled to a telemetry 
unit 240 via a cable 235. The patient 115 may also adjust the settings of the implanted 
device 210 usmg a patient programmer 220 that communicates with flie in^lanted device 
210 via telemetry. During flie implant phase, the physician or patient may seek to adjust 
settings of the treatment therapy for any number of reasons including, for eTcample, to fine 
tune flie therapy, to account for changes in flie disease being treated, or to account for 
migration of the implanted lead or caflieter. 

Known systems for programming a medical device have a number of 
disadvantages. For example, both the physician and the patient must learn to use two 
separate devices, namely the screener and the physician/patient programmer. This 
requires additional learning time and requires that the physician or patient re-learn how to 
use their respective programming devices. More nnportanfly, settings that were made by 
the screener during the screening phase must be manually re-entered during the irnplsaA 
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phase into the medical device using the physician progtammer or the patient piogranmier. 
Not only does this unnecessarily waste valuable physician tune, it can also result in human 
error in re-entering the settings. 

The screener of the prior art also is also problematic. Since the screener uses 
dijfferent circuitry to provide Ihe stimulation energy, the stimulus provided by the screener 
during the screening phase may not be identical to the stimulus provided by the hnplanted 
device. Thus, any settings made by the screener may require quite different settings by the 
implanted device. In a worst case, the screener settings may even go beyond the 
capabilities of the implanted device. This may then require die risk of a second surgical 
procedure to remove flie implanted device and leads Ifrom the patient. Further, screeners 
typically have coarse knobs to control stimulus settings and, as a result, they don*t always 
give precise stimulus settings. Even further, most screeners require sterile cables to go 
from the sterile field to the screener and the screener itself is not sterilize-able. The 
present invention overcomes these and other disadvantages of tiie prior art 

BRIEF SUMMARY OF THE INVENTION 

According to a preferred embodiment, a programming system of the presait 
invention generally includes a hand-held physician programmer, a hand-held patient 
programmer, an external neural stimulator (ENS), and an implantable device. These units 
permit testing of an implanted medical device and allow the patient/physician to adjust 
settings of the treatment therapy to achieve optimal efBcacy. The implantable device may 
be, for example, an internal neural stimulator (INS) coupled to one or more leads, a dmg 
pump coupled to one or more catheters, or a combination INS and pump. The system of 
the present invention may be implemented under a two-phase process: (1) a screeniug 
phase; and (2) an implant phase. First, dining a screening phase, the ENS is coupled 
directly to the implanted leads. The physician and optionally the patient programmers 
may be used to program the ENS with the treatment parameters and to test the implanted 
leads to ensure that iho implants have been properly positioned to provide the necessary 
treatment therapy. In addition, parameters of the stimulation can be tested to ensure that 
the treatment therapy is eflBcacious. Second, during the implant phase, the electrodes are 
coupled directly to the INS and the INS is programmed with the settings that were 
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established for the ENS. During this phase, the parameters of the INS may need to be 
changed for any number of reasons, mcluding, for example, fine-tuning of the treatment 
therapy, a change in patient conditions, and migration of die lead ftom the desired 
treatment area. Notably, the same programmmg units that were used by the physician and 
the patient, respectively, during die screemng phase are used agam during the unplant 
phase. Advantageously, the patient and physician only need to leam to use one 
programming device. In addition, the wireless programmmg devices can be more 
conveniently handled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages and features of the invention will become apparent 
upon readmg die followmg detailed description and refening to the accompanying 
drawings in which like numbers refisr to like parts diroughout and m which: 

Figure 1 is a schematic diagram of a screener as used m the screemng phase of the prior 
art 



Figure 2 is a schematic diagram of the physician and patient programmers as used in the 
implant phase of the prior art. 

Figures 3 A-3C are schematic diagrams of a programming system depicting the 
communicatioiis link between an external neural stimulator, an implantable signal 
generator, a physician programmer, and a patient programmer in accordance with a 
prefoied embodiment of the present invendoiL 

Figure 4 is a schematic block diagram of a programming system for implantable puinps in 
accordance wifli another preferred embodiment of the present mvention. 

Figures 5A-5B are multq)Ie view diagrams of the physician programmer m accordance 
with the preferred embodiment of the present invention. 
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Figure 5C is a block diagram of a hand-held physician programmer ia accordance wilh Ihe 
prefared embodiment of the present invention. 

Figureeisablock diagram ofahand-held patient programmer in accordance with the 
preferred embodimeait of the present invention. 

Figure 7 is a block diagram of a remote telemetry miit in accordance wilh the preferred 
embodiment of the present inventioa 

Figure 8 is ablock diagram of an external neural stimulator in accordance wift the 
preferred embodiment of the present invention. 

Figure 8A is a block diagram of an implantable neural stimulator in accordance with the 
piefyaed emibodiment of flie present invention. 

Figure9isaflow chart depicting fte programming process in accordance with the present 
invention. 

DETAILED DESCRIFnON OF THE INVENHON 

The system of the present invention may be unplemented for atwo-phase implant 
process. Figures 3A-3C iDustateflie configuration of the components of tibe present 
mvention during flie various phases of implanting fee medical device. Although the 
preferred embodiment of fee present invention is shown for use wife an implantable 
electrical stimulation system, feose skiDed in the art wffl appreciate that fee progtammmg 
system of fee present invention may also be used to program an hnplantable drug delivery 
system (Figure 4, discussed herein), or even a combination eleclrical stimulation/drug 
delivery system. 

Referring to Figure 3A, fee programming system of fee present mvention generally 
includes a hand-held physician prograimner 310, a remote telemetry unit 340, a hand-held 
patient programmer 320, an external neural stimulator (ENS) 330, an mqilantable neural 
stimulator (INS) 210, and one or more leads 16. These units permit testing of an 
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implanted medical device and allow Ihe patient^hysician to adjusting settings of the 
treatment fterapy. Advantageously, the same programming units that were used by the 
physician and the patient, respectively, during the screening phase are used agam during 
Uxo rxnplmt phase. Each of these components may be powered by separate power sources 
such as a battery. Hie inq>lantable neural stimulator 210 may be placed in any number of 
locations within the body, including the abdominal region. The implantable neural 
stimulator 210 is coupled to a lead 16 that terminates in one or more electrodes 18 that 
deliver the desired stimulation therapy to flie body. In the exemplary embodiment of 
Figure 3 A, the electrodes 18 are positioned to stimulate a spinal cord 12 of a patient 115. 
The implantable neural stimulator 210 may also have one or more sensors 40 to provide 
closed-loop feedback control. 

The INS 210 is typically a signal generator having a processor or like circuitry. 
For example, signal generator may take the form of commercially available signal 
generators like Itrel7, X-trel7 or Mattrix? (manufectured by Medtronic, Inc. of 
Miimeapolis, Minnesota), which are incorporated by reference. Where the inq)lanted 
medical device is a drug delivery system, as shown in Figure 4, the device generally 
consists of a drug pump 450 coupled to one or more catheters 416 having one or more 
drug delivery ports 418 on the distal ends. Dmg pump 450 may take flie form of the 
device sbown in U.S. Patent No. 4,692,147 (Duggan), assigned to Medtronic, Inc., 
Minneapolis, Minnesota, and commercially available as the Synchromed7 infusion pump, 
both of which are incorporated by reference. 

The operation of implanted medical devices 210 and 450 is generally well- 
understood by those skilled in the art Those skilled m the art will therefore appreciate 
that die implanted medical device 210 or 450 for use with the present invention can take 
many forms and embodiments. For exaiiq)le, die implanted medical device 210 or 450 
may be a ^stem that provides a combmation of electrical stimulation and drag delivery. 
Those skilled in the art will also appreciate that the programming system of die present 
invention is suited for use with any known or future developed implantable medical 
devices. The particulars of the individual components of tiie p r o gramming system of the 
present invention are discussed in fiirfher detail below. 
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Figure 3B deplete liie configuration of Ihe programming system during the screening 
phaseinaccordancewiflxapreferredembodiment During fte screening phase, the ENS 
330ishardwireddirectlytofteproximalendsoftheimplantedleadsl6. THephysician 
and optionaUy the patient pn>grammers310 and 320 may be used to program flie ENS 330 
with initial treatoent parameters. TheENS 330 may be used to test the implanted leads 16 
to ensure that the leads 16havebeenproperly positioned to provide the necessary 
treatment ther^y. In addition. ENS 330 tests fte initial treatment parameters to ensure 
that the treatment therapy is efiScacious. 

In accordance with the present invention, a bi-directional communications link 
exists between tiie physician programmer 3 10 and tiie ENS 330 to enable the physician 
programmer 310 to program the ENS 330 with the treatment parameters via the bi- 
directional communications link. Ibe treatment parameters may be provided singly or in a 
bateh, or the parameters may be provided one at a time in areal-time interactive mode. 
Hie bi-directional communications link enables the physician programmer 3 10 to provide 
to fte ENS 330 configuration mformation for the ^e of the INS 210 that is to be 
implanted. Tlie ENS 330 may thereby be configured to provide stimulation therapy in 
accordance with the type of INS 21 0 that is implanted. Hie physician programmer 3 1 0 
may also upgrade the software or operating system of tiie ENS 330 via this bi-directional 
communications link. 

In addition, tins bi-directional communications link enables the ENS 330 to 
provide final treatment parameter settings to flie physician programmer 310, fliereby 
allowing flie physician programmer 3 10 to program the INS 210 using these final 
treatmentpatameters. The bi-directional communications link also enables flie ENS 330 
to provide information to flie physician prognonmer 310 including, but not Hmited to, 
parameter settings, user-entered data, patient diagnostic data, system diagnostic data, 
device usage date, date regarding flie last session between flie physician programmer 3 1 0 
and flie ENS 330. flie stete of flie ENS 330. configuration of flie INS 210 (e.g.. simple or 
complex patient user interfece). and flie Hke. FinaUy, flie bisMrectional conmumications 
link provides an indication flmt a viabte communications link exists between flie physician 
programmer 310 and the ENS 330. 
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In ihe prefenred embodiment, this biKiirectional co^ 

reinotetelemetty^340. Tliose skilled in 4e art mhU appreciate to.t the finK)tioBa%rf 
the remote telemetry unit 340 may be implemented within, for example, the physician 
programmer 310and the ENS330. As preferred, the physician programmer 3 10 
communicates with the remote telemetry unit 340 via high-power signaling, which &en 
commmucates with the ENS 330 via low-power RP orlR signaling, or direct wire 
commumcation. Low-power signaling generally will allow a separation of 2 to 6 inches 
betweenthecommumcatmg devices. Higl^power signaling, on fl,e other hand, aHows for 
greater separation between the communicating devices, up to several meters. 
Advantageously, this type of signaling allows fee physician programmer 3 1 0 to be located 

further away from the patientllSas long as theremote telemetry mnt 340 is positioned 
relatively close to the INS 210. 

Tte patient programmer 320 is generally not used during the screening phase, 
however, if used, it communicates with the ENS 330 via low-power RF or IR signal, or 
direct wne conmnmication. The patient programmer 320 would control the ENS 330 
preferably for more limited purposes than that pennitted for the physician programmer 
310. Again, although not required, the patient programmer 320 commmucates with the 
ENS 330 via the remote telemetry unit 340. Using the physician programmer 3 1 0 and, 
optionally, the patient programmer 320, the ENS 330 may be programmed with initial 
parameter settings. Ihe ENS 330 may also provide certain diagnostic information back to 
the programmer 310 mcluding. for example, parameter settings (e.g.. stimulation 
frequency, stimulation pulse amplitude, stimulation pulse width, electrode configuration, 
etc.), patient diagnostic data (e.g., usage data), system diagnostic data (e.g.. battery status, 
estimated longevity of implanted device, lead system integrity, load impedance, etc.). data 
on device usage, data regarding the last programmer/ENS session, the state of the device, 
configuration of the INS 210 (e.g., smiple orcon^kxpatientuserinterfece), whether a ' 
vaKd communication channel exists, and the like. Ihifi information may also be provided 
from the INS 210 to the programmer 310 during the inq»lant phase (discussed herein). 
The programmer 310 may also lelemetrically upgrade ENS fbnctionality. 
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Further, the physician programmer 310 may communicate wilJi fee patient 
programmerSZOusinglow-powerRForlRfiignaling. Hus communication abiKty aUows 
the physician and patient piogranmier 3 10 and 320 to synchronize parameters values 
programmerintheENS330. Hm communication aWHly also aUows fee physician 
progran^erSlOto perform any number of fimctionsincluding. for example, upgr^ 
fimctonaUty of the patient programmer 320 if necessary, obtain system diagnostic and 
hardware revision data fiom fee patient programmer 320, power source'status of fee 
patient progranmier 320. configure fee patient programmer 320 to operate wife fee 
specific ENS 330 or INS 210. 

Once fee ENS 3 30 is configured wife appropriate sfenulation setfeags, fee ENS 
330 may be replaced wife fee INS 210. Figure 3C illusteates fee communications 
capabilities between fee ENS 330, fee physician programmer 3 10. and fee patient 
programmer 320 during fee implant phase in accordance wife a preferred- embodiment. 
During fee implant phase, fee electrodes are coupled directly to fee INS 2 1 0 and fee INS 
210 is programmed wife fee settings that were established for fee ENS 330. The 
programmed settings feat were transferred from fee ENS 330 to fee physician programmer 
3 10 and/or fee patient programmer 320 may feen be toansfened from fee physician 
programmer 310 and/or the patient programmer 320 to fee INS 210. Advantageously, 
since manual restoring of parameter mfimnation is not required on fee programmers 3 1 0 
and320,riskofoperatorerroriselimrmited. Furfeer. fee implant procedure is simpUfied 
and streamlined. During feis phase, fee parameters offee INS 210 may need to be 
changed for any number of reasons, including, for example, fine-tunmg of fee treatment 
flierapy. a change in patient conditions, and migration of fee lead fiom fee desired 
treatment area. The physician programmer 310 or patient programmer 320 may 

communicate wife fee INS2I0via fee remote telemetry miit 340 using low-power KF or 
IR signaling. 

The above^iescribed inter-connectivity of the components of fee programming 
system aUows fee physician to program the settings of fee ENS 330 and INS 210 using a 
single device, namely fee physician programmer 310. Optionally, fee system also allows 
Are patient 1 1 5 to program fee setfeigs of fee ENS 330 and INS 210 using a single device. 
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namely the patient progrananer 320, The foUowing table identifies which products can 
interact with which o&er products in accordance wilh a preferred embodiment 
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The programming units 3 10 and 320 commimicate with flie ENS 330 as follows. 
Setting control signals ftom the physician programmer 3 10 are delivered to the ENS 330 
when the two devices are physically within the range allotted by the low-power signaling. 
Accordingly, ENS 330 may have one or more flanges or other connection device on its 
dorsal side to allow coimection wifli mating flanges on the ventral side of the remote 
telemetry unit 340. This mating capability ensures that the components will be in close 
proximity of each other to allow the exchange of data and control signals. It will be 
readily apparent that any other technique may be used to maintain the. components in close 
proximity of each oflier. 

OptioDally, settmg control signals &om the patient programmer 320 are 
delivered directly to the ENS 330 as bng as the ENS 330 and the patient 
programmer 320 are phj^caUy widiin the range allotted by the low-power 
signaling. Optionally, ENS 330 may have one or more flanges one its dorsal side 
to allow connection wi& malmg flanges on the ventral side of the remote telemetry 
unit 340. 
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Figure 5A depicts views of the physician progtananer 310 including a fiont view. 503. a 
top view 502. a bottom view 504. a back view 505. a left side view 508, and a ri^t side 
view507. Thephysicianprogrannner310ispieferablyaporlabIecQmputingdevice 
having a user intetfece. Tlie user interfece preferably includes a screen display 501 tiiat is 
touch sensitive to a pointing device 506. similar to that of Personal Digital Assistants 
(PDA) available today. On the dorsal side 517 of the physician programmer 310 is an area 
toreceiveandholdtheremotetelemetiyunit340. Figure 5B iltasttates how remote 
telemetry unit 340 is inserfable within a dorsal side 517 of the physician programmer 310. 
Figure 5C depicts the general componentry of the physician programmer 310, which 
includes a user interfece 505. a processor 510, a transmitter 515. and a receiver 520. Hie 
apphcation program software for handling the ftmctionaKty of the programmer 310 
discussed herein may be stared in memory 525. 

The physician programmer 3 10 acts as the control interface to both the ENS 330 
and the INS 21 0. which is generally dictated by flie computer software q)pUcation in the 
phyician programmer. The software apphcation generally has the following mefliods for 
implementing its control functionalily : navigation methods; reporting methods; printing 
meflwds; data storage and transfer mefliods; data entry me&ods; methods to perform 
intenogationAreview; methods to performbateh programming; user preferences; help 
methods; methods to resolve conflicts, and the like. 

As shown in Figure 6. the patient programmer 320 is also preferably a computing 
device, such as a portable computer, having a user interfece. Patient programmer 320 is 
similar to physician programmer 3 1 0 except that it has limited fimctionality. lypicaUy, 
patient programmer 320 will be limited such that the patient may adjust settings of the 
implanted medical device 210 or 450 only within a range, such as that specified by die 
treating physician. The patient programmer 320 includes similar circuitry as that of the 
physician programmer 310 and also preferably inchides an internal IdemeHy unit 630 that 
is similar to the remote telemetry unit 340. 

As shown in Figure 7, flie remote telemetry unit 340 is a relatively small device 
used to conveniently provide communication between tiie physician programmer 310 and 
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the implanted medical device 210 or 450. Remote telemetry unit 340 generally includes a 
telemetry coa 705, a receiver 710, a tamsmitter 715, and a telemetry processor 720. 
Telemetry is preferably conduced at a fiequency in the range fiom about 1 50 KHz to 200 
KHz using a medical device protocol such as described in U.S. Patent No. 5.752,977 
"Efficient High Data Rate Telemehy Format For Implanted Medical Device" issued to 
Greviousetal.(Mayl9. 1998). llie telemetry coil 705 can be located inside flie housing 
of the remote telemety unit 340 or attached to the outside of flie housing. The receiver 
710 provides a digital pulse representing Ae Radio Frequency (RP) modulated signal 
received from the physician programmer 310 and the implanted medical device 210 or 
450. The transmitter 715 generates an RF modulated signal fiom the digital signal 
generated by the telemetry processor. The telemetry processor 720 can be a state machine 
configured on an ASIC with the logic necessary to decode telemetry signal daring 
reception. The telemetty processor 720 also provides the logic necessary during 
transmission. 



As shown m Figure 8, the ENS 330 is similar to the INS 210 in terms of 
conqwnentry except that it is an external device. The ENS 330 is intended to provide 
tenqwrary stimulation for trial screening prior to implantation of the INS 210. The ENS 
330 win emulate all of flie functions of the INS 210 along with memory. Hie ENS has a 
means to mechanically link to tiie telemetry module 340. 

Referring stifl to Figure 8, tiie ENS 330 generally incbdes a processor 840 with an 
oscillator 835, a calendar clock 830, memory 845, system reset 850, a telemetty module 
805, a rechar^ module 810, a power source 815, a powwmanagMnent module 820, a 
therapy module 855, a power source 815, a power management module 820, a manual 
switeh 801 (to manually disable operation of the ENS 330), and a stetus output 865. CMher 
components of the ENS 330 can mchide, for example, a diagnostics module (not shown). 
All components except the power source can be configured on one or more AppUcation 
Specific Integrated Circuits (ASICs) or may be one or more discrete components, or a 
combination of bo*. Also, all components except tiie oscillator 835, the calendar clock 
830, and tiie power source 815 are connected to bi-directional data bus that is non- 
multiplexed witii separate address and data lines. 
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Hie processor 840 is qoichioiious and operates on low power such as a Motorola 
68HC1 1 synthesized core operating wifii a compatible instruction set The oscillator 835 
operates at a fiequency conq)atible with the processor 840, associated components, and 
energy constraints such as in &e range dfom 100 KHz to 1.0 MHZ. The calendar clock 
830 counts the number of seconds since a feed date for date/time stamping of events and 
for therapy control such as chcadian rhythm linked flier^ies. The memory 845 includes 
memory sufficient for operation of the ENS 330 and storage of a plurality of operating 
parameters. Memory 845 may include volatile Random Access Memory (RAM) for 
example Static RAM, nonvolatile Read Only Memory (ROM), Electrically Erasable 
Programmable Read Only Memory (EEPROM) for example Flash EEPROM, and register 
arrays configured on ASICs. Direct Memory Access (DMA) is available to selected 
modules such as fee telemetry module 805, so fee telemetry module 805 can request 
control of fee data bus and write data directly to memory bypassing fee processor 840. 
The system reset controls operation of ASICs and modules during power-up of fee ENS 
330, so ASICs and modules registers can be loaded and brought on-line in a stable 
condition. 

The telemetry module 805 provides bi-directional communications between fee 
ENS 330 and fee programmers 310 and 320. The telemetry module 805 generally 
comprises a telemetry antenna 705, a receiver 720, a transmitter 7 1 0, and a telemetry 
processor 725. Telemetry modules 805 are generally known in fee art and are furfeer 
detailed in U.S. Patent No. 5,752,977, entifled AEfiBcient High Data Rate Telemetry 
Format For Inq)lanted Medical Device® issued to Grevious et al. (May 19, 1998), which 
is incorporated herein by reference in its entirety. 

Those skilled in fee art will appreciate feat fee ENS 330 may be configured in a 
variety of versions by removing modules not necessary for fee particular configuration and 
by adding additional components or modules. As preferred, fee ENS 330 accurately 
simulates fee operation of fee INS 210 and may be readily adjusted by fee'physician or fee 
patent. The stimulation paramet^ set by the ENS 330 may adjusted usmg fee physician 
programme: 3 10 (and optionally fee patient programmer 320). As shown in Figure 8A, 
fee components of fee ENS 330 are similar to feose of fee INS 210. 
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m another embodiment. ENS 330 need not be used. Instead. INS 2 10 may be used 
asanextemaldeviceduringtiiescieeningphase. When Ihepaiameteis are properly set, 
the INS 210 may (hen be implanted within flie patient 115. 

As discussed above, the process for inq)lanting a medical device is usually a two- 
phase process, a screening phase and an implant phase. The screening phase is a test 

phase that aUows the physician and the patient to ensure that the implanted electrode has 
been properly positioned to provide the necessary treatment therapy. In addition, 
• parameters of the stimulation can be tested to determine that the treatment therapy is 
efficacious. The implant phase takes place after the medical device has been folly 
implanted. During the implant phase, flie parameters of the INS 210 may need to be 
changed for any number of reasons, including, for example, fine-tuning of the treatment 
Huscapy, a change in patient conditions, and migration of the lead from the desired 
treatment area. Notably, the same programming units (hat were used by the physician and 
fee patient, respectively, during the screening phase are used again during the implant 
phase. Advantageously, the patient and physician only need to leam to use one 
piogiammmg device. Also, the programming devices can be more conveniently handled 
since the communications are wireless. 

Figure 9 is a flow chart depicting fbe programming process during the screenmg 
and imphmt phases in accordance wifli theprefiared embodiment of the present invention. 
At step 905, when the medical device is ready for implant wifein flie patient body, patient 
record data is entered into the physician programmer 310. At step 910, the electrical leads 
18 are implanted wifliin the patient body by implanting die distal ends of the leads 18 
(having the electrodes) near the desired treatment area within the body and by coupling flie 
proximal ends ofleadsdirecfly to flie ENS 330. At step 915, flie screening process is 
performed using flie ENS 330. In flie screening process, stimulation parameters are 
adjusted to ensure proper placement of flie leads and to achieve optimal treatment efficacy. 
Settings adjustments fliat can be made include for example, pulse widfli, pulse amplitude, 
and pulse frequency. Where a phiraUtyofelectrodes is placed, flie electric field may be ' 
steered to accurately focus flie stimulation to flie neural tissue of interest Furiher. paired- 
pulsmg techniques may be adjusted to achieve desired potential areas. As flie settings of 
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ae ENS 3 3 0 ate altered, these settings aie provided to the physician prognumner 3 1 0 so 

ihatlhefinalsettingsmaybeused1»programftemS210dumgflieimplantphasei As 
discussed previously. Figure 3 A depicts the prognumning system components during the 
sosening phase. 



At step 920, after the screening step has been peifonned, the leads 18 are 
disconnected from the ENS 330 and coupled directly to the INS 210. At st^ 925. the last 
settmgs from the ENS 330 are used to program the INS 210 with the appropriate 
stimulation parameters. In this regard, the settings from die ENS 330 are communicated 
to fee physician and'or patient programmers 3 10 and 320 who then provide these settmgs 
to flie INS 210. At step 930, the INS 210 provides the necessary stimulation therapy to fee 
patient 1 15. At step 935, fee physician and patient programmers 3 10 and 320 may be used 
to fine-tune fee stimulation feerapy of fee INS 210 as needed. As discussed previously. 
Figure 3C depicts fee programmmg system components during fee inq>lant phase. 

In an alletnative embodunent, fee present invention may be implemented within a 
drug delivery system. In Ihisembodmient. as shown in Figure 4. fee programming system 
of fee present invention generally mcludes similar components as before, namely a hand- 
held physician programmer 410, a remote telemetry unit 440. a hand-held patient 
programmer 420, and an implanted drag pump 450 coupled to one or more cafeeters 416. 
Each of fee cafeeters 416 tenmnate wife one or more drug delivery ports 418 on fee distal 
ends of fee cafeeters. Drag pump 450 may take the fijim of the device Aown in U.S. 
PatentNo. 4,692.147 (Duggan). assigned to Medtronic, Inc., Mmnejqjolis, Minnesota, and 
commereially available as the Synchromed? infusion pump, bofe of which are 

incorporated by reference. Similar programming steps described above may feereby be 
taken to program fee drag pump 450. 

Advantageously under fee present invention, fee procedures for programmmg fee 
implantable medical device are simplified. Bofe fee patient and fee physician may use a 
single interface (the patient programmer 320 and the physician programmer 3 1 0, 
respectively) to communicate wife fee implantable medical device. Further, the present 
mvention ehminates fee need for any hard wires as part of the programmmg system. 



wo 03/037430 



PCT/DS02/01540 



16 

It will be appreciated that liie present invention may be implemented using other 
embodiments. For exanq)le, one alternative embodiment is one wh^e aU of flie 
components commmiicate using high-power signaling. Another alternative embodiment is 
the physician programmer 3 10 and flie ENS 330 both having internal telemetry units, 
tibiereby eliminating the need for the remote telemetry unit 340. In another embodiment, 
the physician programmer 3 10 and flie patient programmer 320 are the same device, hose 
skilled in the art recognize that the preferred embodiments may be altered and modified 
without departing fix>m die true spirit and scope of the invention as defined in the 
appended claims. 
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WE CLAM: 

1 . A system for estabUshing therapy parameters of an implantable medical device 
conqjrismg in combination: 

at least one implantable lead; 

an external neural stimulator capable of being coupled to the implantable 
lead to provide stimulation energy to the lead in accordance with the initial 
therapy parameters; 

a programmer having a user interface to allow entry of the therapy 
parameters by a user, and 

a bi-directional communications link between the programmer and the 
external neural stimulator to enable ftie programmer to program fite 
external neural simulator with flie therapy parameters via the bi-<iirectional 
communicatiQns link and to enable the external neural stimulator to provide 
final flierapy parameter settings to the programmer, whereby the 
programmer may then program an implantable neural stimulator using the 
final therapy parameters. 



2. The system as claimed in claim 1, further comprising: 

(e) an implantable neural stimulator enable of being coupled to the 
implantable lead to provide stimulation energy to the lead; and 
(£) a second communications link between flie programmer and flie 
implantable neural stimulator to enable flie programmer to program flie 
implantable neural simulator wifli flie final flierapy paiameteis via flie 
second communications link. 

3. The system as claimed in claim 1, wherein flie bi-<lirectional communications link 
enables flie programmer to provide to flie external neural stimulator configuration 
information for a type of an implantable neural stimulator fliat is to be inq>lanted 
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4. The system as claimed in claim 1, wherein the bi-directional conmnmications link 
enables the programmer to provide the external neural stimulator with upgraded computer 
executable instructions. 

5. The system as claimed in claim 1, wherem the bi-directional communications link 
enables the external neural stimulator to provide information to tbe programmer, wherein 
the information is selected from the gioixp consisting of parameter settings, patient 
diagnostic data, system diagnostic data, data on device usage, data re^rding the last 
programmer/ENS session, the state of the device, configuration of the INS 210, whether a 
valid conununication channel exists, 

6. The system as claimed in claim 5, wherein the parameter setting information is 
selected from tiie group consisting of stimulation frequency, stimulation pulse amplitude, 
stimulation pulse width, and electrode configuratiorL 

7. The system as claimed in claim 5, wherein the patient diagnostic data is usage data. 

8. The system as claimed in claim 5, wherein the system diagnostic data information 
is selected from the group consisting of battery status, estimated longevity of implanted 
device, lead system integrity, and load impedance. 

9. The system as claimed in claim 1, wherein the bi-directional communications link 
provides an indication that a viable communications link exists between the programmer 
and the external neural stimulator. 

10. The system as claimed in claim 1, wherein the programmer is mechanically linked 
to die external neural stimulator. 

1 1. The system as claimed in claim 1, wherein the programmer is a physician 
programmer. 
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12. The system as claimed in claim 1, wherein &e programmer is a patient 
programmer. 

13. A programmer for establishing therapy parameters of an implantable medical 
device comprising in combination: 

a user interfece to allow entry of the flierapy parameters by a user, and 
a bi-directional coimnunications interface for communicating with flie an 
external neural stimulator to enable the programmer to program the 
external neural simulator with the therapy parameters and to enable the 
external neural stimulator to provide final therapy parameter settings to the 
programmer, whereby the progranuner may then program an implantable 
nemral stimulator using the final therapy parameters. 

14. The system as claimed in claim 1 3, wherein the programmer is a physician 
programmer. 

15. The system as claimed in claim 13, wherein the programmer is a patient 
programmer. 

1 6. An external neural stimulator for providing stimulation energy to at least one 
implanted lead in accordance witii flierapy parameters comprising in combination: 

an interface for coupBng the external neural stimulator to the implanted 
lead; and 

a bi-directional communications interface for communicating with a 
programmer to enable the programmer to program tiie external neural 
simulator with flie therapy parameters and to enable the external neural 
stimulator to provide final therapy parameter settings to the progranuner, 
whereby the programmer may then program an implantable neural 
stimulator using the final flienq>y parameters. 

17. A method of establishing initial therapy parameters of an implantable medical 
device comprising the steps of: 
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implanting at least one lead having a distal end, wherein Ihe distal end of 
the lead is near at a predetennined portion of a body; 
coupling a proximal eod of the lead to an external neural stimulator, 
establishing a bi'<lirectional communications Imk betv^een the external 
neural stimulator and a programmer, 

programming by the programmer the extmial neural stimulator with 
therapy parameters; and 

providing final therq)y parameters to the programmer jfrom the external 
neural stimulator, whereby the programmer may then program an 
implantable neural stimulator using the jSnal therapy parameters. 

18. The method as clahned in claim 17, further comprising flie step of: 

if) adjusting the therapy parameters of tiie external neural stimulator 
using the programmer, 

1 9. The method as claimed in claim 17, wherein the step of programming is performed 
via telemetry. 

20. The method as claimed in claim 17, wherein the st^ of programming is performed 
using a physician programmer. 

21. The method as claimed in claim 17, wherein the step of programming is performed 
using a patient programmer. 

22. A medical system for providing electrical treatment therapy to a patient conqprising 
in combination: 

at least one implantable lead delivering treatment therapy to the patient 
an external neural stimulator having a first inter&ce for coupling to the 
inq)lanted lead for providing stimulation energy to the lead and a first bi> 
dkectional communications inter&ce; 

an implantable neural stimulator capable of being implanted witiun a body 
of a patient and havmg an second mter&ce for coupling to the implanted 
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lead for providing stimulation enagy to Ihe lead and a second bi-directional 

communications interfece; 

a physician programmer having a first user interface to aDow entry of 
therapy parameters by a user and a fliird bi-directional communications 
interfece for communicating with the external and inqilantable neural 
stimulators to enable the physician programmer to program the external and 
implantable neural simulators with the Iher^ parameters and to enable tiie 
external and implantable neural stimulators to provide therapy parameter 
settings back to the physician programmer; and 
a patient programmer having a second user interfece to allow enty of 
flierapy parameters by a user and a fourth bi-directional communications 
interfece for communicating with the external and inqjlantable neural 
stinmlators to enable the patient programmer to program the external and 
implantable neural simulators with flie therapy parameters and to enable the 
extranal and inq)lantable neural stimulators to provide flierapy parameter 
settings back to the patient 




SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 PCT/US02/01540 

2/U 



230 




220 



16 




210 



.12 
,18 



115 



FIG. 2 

(Prior Art) 



SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



PCTAJS02/01S40 



3/U ■ 




FIG. 3A 



SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



PCT/US02/01S40 



Physician 
Programmer 



310 




115 



FIG. 3B 



SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



PCT/US02/01S40 



5/U 




320 



FIG. 3C 



SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



6/K 



PCT/US02/01S40 




FIG. 4 



SUBSTITUTE SHEET (RULE 26) 



VIO 03/037430 



PCT/US02/01S40 



7/K 




505 



FIG, 5A 

SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



PCT/US02/01S40 



8/U 





FIG. 5B 

SUBSTITUTE SHEET (RULE 26) 



wo 03/D37430 



PCT/US02/01S40 



9/U 




User Ihterfdce 505- 



Extemal 
Devices 






A- 
Sr 



Microcontroller 
510 



/I NT 

li 



LCD 


Touch 
screen 


Hard 
keys 


Audio 
















k ^ 







Scroll 
wheel 



Memory 



Data Memory (RAM) 



M Program Memory 
T/f (nosh) 



3^ 


Power 
Management 




=^ 


1 Battery 



V CompactFlash 
Cord 



Memory 



Physician Programmer 310 



o 





Output 
Input 

Both input and output 



^ ^ Data flow 



^4 



Control flow 



FIG. 5C 

SUBSTITUTE SHEET (RULE 26) 



PCTAJS02/01540 



10/U 



Patient Programmer 



320 




FIG. 6 



SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



n/u 



PCT/US02/01540 



Transmitter 
710 



Telemetry 
Processor 

725 



Antenno 
705 



Receiver 
720 



Remote Telemetry Module 340 



FIG. 7 



SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



PCTAJS02/01S40 



12/U 




SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



PCTAJS02/01540 



13/14 




SUBSTITUTE SHEET (RULE 26) 



wo 03/037430 



PCTAJS02/01540 



Enter 
patient 
data 



905 



Attach leads 
to 
ENS 



I 



910 



Screen with 
ENS 



I 



915 



Attach leads 
to INS 



I 



920 



Program INS 



925 



Stimulate 
nerves 



930 



935 



Adjust INS 
as needed 



FIG. 9 



SUBSTITUTE SHEET (RULE 26) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
8 May 2003 (08.05^003) 




PCT 



(10) International Publication Number 

WO 03/037430 A3 



(51) Intemational Patent Classification^: A61N 1/372 

(21) International Application Number: PCTAJS02/01540 

(22) Intemational Filing Date: 16 January 2002 (16.01.2002) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
10/002,328 



1 November 2001 (01.11.2001) US 



(71) Applicant: MEDTRONIC, INC [USAJSj; 710 
Medtronic P^ricway NE. MinneapoUs, MN 55432 (US). 

(72) Inventors: LEE, David, W.; 4950 138th Circle, Apple 
Valley. MN 55124 (US). MALEK, Shahram; 5400 
Ximines Lane, Plymouth, MN 55442 (US). GOETZ, 
Steven, M.; 4650 58th Place North, Brooklyn Center, MN 
55429 (US). GREVIOUS, John, J.; 2239 Wilson Street 
Northeast, Minneapolis, MN 55418 (US). CHRISTO- 
PHERSON, Mark, A,; 4100 Reiland Lane, Shoieview, 
MN 55126 (US). 



(74) Agents: BAUER, Stephen, W. et al.; Medtronic, Inc. 
LC340. 710 Medtronic Partway NE, Minneapolis, MN 
55432 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FX, GB, GD, GE. GH. GM, 
HR, HU, ID, IL, m, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, XT. TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW). 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ. TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC. NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG. a. CM, GA, GN, GQ, GW, ML, MR. 
NE,SN,TD,TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

[Continued on next page] 



= (54) Title: METHOD AND APPARATUS FOR PROGRAMMING AN IMPLANTABLE MEDICAL DEVICE 



O 



330 



Physician 
Programmer 



r 

310 




PoUent y"^^ 
Programmer 



320 




(57) Abstract: A method and system forprogramnung settings ofaniedical device surgically in^ 

The system comprises a physician programmer, a patient programmer, an external neural stimulator, and a telemetry component 
being in conununication with tiie implanted medical device, the external neural stimulator, and the physician programmen The 
implantable medical device may be programmed using a two-phase process, a screening phase and an implant phase. During the 
screening f^iase, the physician and patient programmers ma be used to roughly test the parameters of the stimulation to detennine 
that the treatment therapy is eflScadous. Dimng the implant phase, the same physician and patient programmers may be used to fine 
tune the parametm of the stimulation. 



wo 03/037430 A3 liiiUnilliliiiliilliiii 



(88) Date of publication of the international search report: 

18 December 2003 

For two-letter codes and other abbreviations, refer to the ""Guid-^ 
once Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERNATIONAL SEARCH REPORT 



A. CtASSIFlCATION OFSUBJECT flflATTER 

IPC 7 A61N1/372 



PCTM 02/01540 



Aoconjlng to Intematkmai Patent Ctosslficatlon (IPC) or to both national ctasslflcalion and IPC 



a REUDS SEARCHED 



Minimum documentation searched (dassfflcatlon system foOowed by dassfficatbn symbols) 

IPC 7 A61N 



Documentation searched other than minimum documentation to the extent that such documents are Ihdudad in the fields searched 



Electronic data base consulted duitig the intemaitonal search (name of data tiase end, wheie pracUcaX search temis used) 

EPO-Internal , WPI Data, PA J 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categotyo Citation of document, wflh Indication, where epptopriate, of the relevant passages 



Relevant to daim No. 



us 2001/003799 Al (BOVEJA BIRINDER BOB) 
14 June 2001 (2001-06-14) 
abstract; figure 14 

paragraph '0055! - paragraph '0058! 

paragraph '0223! 



us 5 683 432 A (GOEDEKE STEVEN D 
4 November 1997 (1997-11-04) 
abstract; figure 1 
column 1, line 13 - line 25 
column 2, line 57 - line 60 



ET AL) 



16,22 

1-15 
16,22 

1-15 



-/- 



m 



Further documents are listed In the continuation of box C. 



ID 



Palanl ton^ memlm ate Ibted bi annax. 



• Special categories of died documents : 

*A* document denning the general slate of the art which Is not 
considered to be of particular relsvanoe 

'e earlier document but publlshod on or after the International 
fUngdate 

V document which maythrowdoubts on priority claim(8}or 
which is cited to establish the publlcaUon date of another 
dtatlon or other spedal raason (as specBied) 

'O* document referring to an oral dtsdosure, use, exhibition or 
other means 

'P* document published prior to the International lIDns dale but 
later than the prtority data claimed 



f later document published after the N^natlonal filing date 
or pdorfty date and not In conflict with the application but 
cited to undeiBtand the principle or theory undertytng the 
Invention 

'X' document of particular retevanoe; the claimed Invention 
cannot be considered novel or cannot be considered to 
bwolve an Ihvmtlvefilep when the document Is taken abne 

"Y* document of particular mievanoe; the claimed invention 
cannot be constderad to Invoh/e an Inventive step when the 
document Is combined wQh one or more other such docu- 
ments, such comblnailon bebig obvious to a person SMUed 
InthearL 

*&* document member of the same patent temiiy 



Date of the actual con^plellon of the hilematlonai search 



1 October 2003 



Dale of maUng of the international search report 

09/10/2003 



Name and malDng addresser the ISA 

European Patent Office, P«B. 5d18 Patentlaan 2 
NL-2260HVRilswi]k 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (431-70)340-3016 



Authorized officer 



Wetzig, T 



RNin PCT/ISA/210 (second sheet) (JuV 1882) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



PCT/& 02/01540 



C.(Contrmjat!on) DOCOMEKTS CONSlDEnEO TO BE RELEVANT 



Category • 



COatton of documenl. with {ndloation.where appropriate, of the relevant p^sgagw 



Relevant to dalin No. 



US 5 438 990 A (HAHLSTRAND JOHN D ET AL) 
8 August 1995 (1995-08-08) 
figure 2 
column 5, line 34 - line 42 
column 11, line 65 -column 12, line 14 



22 



1-16 



fCrnaM210(oonliruiallond 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



PCT/US 02/01540 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This Intemattonal Search Report has not been established in respect of cedaln claims under Article 17(2}(a) for the following reasons: 



1. 0 Claims N08.: 17-21 

because they relate to subTect matter not required to be searched by this Authority, namely: 

Rule 39. 1(1 v) POT - Method for treatment of the human or animal body by 
surgery 



2. I I Claims Nos.: 

because they relate to parts of the International Appllcallon that do not comply with the prescribed requlremente to such 
an extent that no meaningful International Search can be carried out, specifically: 



3- n Claims Nos^ 

because Ihey atQ dependent claims and are not drafted h aoocrdanoe with tt)e second and third sentences of Rule 6.4(a). 



Box 11 Observations whene unHy of Invention is lacking (Continuation of item 2 of first sbeeQ 



TNs International SearcNng Authority found multiple tnventlone \n this Intemaflonat appllcallon. as follows: 



1 . I I As all required additional search feee were timely paid by the applicant, <Hs Intemattonal Search Report covers all 
■ — ■ searchable claims. 

2. I As an searchable dalms could be searched wifixxAeffortJustl^ng an addilonal tee. this Au^ 

of aiiy additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this Intemaflonai Sea/ch Report 
■ — ■ covers only those claims for which fees were paid, spedficsrily claims Nos.:* 



4- CH No required additional sean* fees were timely paid by the applteant Consequently, this In 
restricted to the Invention first mentioned In the claims; it Is covered by claims Nos.: 



Remark on Protest The additional searbh fees were accompanied by the appRoanfe protest 

I I No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 



?CjM 02/01540 



Patent document 




Publication 




Patent (amlly 


Publication 


cited In search report 




date 




member(s) 


date 




A1 
Mi 




lie 


0209359 Bl 


OA /\0 OAA1 

20-03-2001 








lie 
Uo 


OOloOol Bl 


AO AA OAAO 

02-09-2003 








US 


6611715 Bl 


26-08-2003 








us 


6564102 Bl 


13-05-2003 








lie 

us 


o3oo814 Bl 


02-04-2002 








us 


2001002441 Al 


4^ or OAA<t 

31-05-2001 


us 5683432 


A 


04-11-1997 


AU 


1692997 A 


01-08-1997 








DE 


69716035 01 


07-11-2002 








DE 


69716035 T2 


14-08-2003 








EP 


1151759 A2 


07-11-2001 








EP 


0876179 Al 


11-11-1998 








UO 


9725100 Al 


17-07-1997 


US 5438990 


A 


08-08-1995 


AU 


5597194 A 


22-06-1994 








WO 


9412238 Al 


09-06-1994 








EP 


0530006 Al 


03-03-1993 



Foon PCT/I8A/210 (patent landV mwx) (JuV 1992} 



